The advantages of target region amplification polymorphism (TRAP) for identification of polymorphisms in coding regions obtained from EST library were used to determine the genetic variability and relationships among 10 sugarcane varieties. TRAP fixed primers based on CDPK and Aqua candidate genes involved in stress tolerance were paired with three arbitrary primers to produce 6 primer combinations.A total of 60 DNA fragments with an average of 10 bands per primer combination were generated from 10 sugarcane genotypes. The percentage of polymorphism was 55.17% and 54.84% in CDPK and Aqua loci, respectively. The largest number of amplified fragments was obtained with the Aqua + arbit.3 primer combination (14 bands), and the lowest (6 bands) with the Aqua + arbit.1. The highest number of TRAP markers was amplified from EI 24-3 OR 2 and G95-19, while the least number of bands was obtained from G.98-28, N.CO.310 and EH 16-9. The lowest similarity were obtained between N.CO.310 and G95-21 reflecting high diversity among them and suggested that crosses between these two genotypes would probably result in the highest variability for stress tolerance. The dendrogram classified the genotypes based on their pedigree in which varieties that have common parent were grouped together based on the polymorphism in CDPK and Aqua loci.The results indicated that the TRAP markers can provide a powerful technique for genetic diversity in sugarcane.
INTRODUCTION
varieties in commercial cultivation are complex heterozygous polyploid. The information on the nature and the magnitude of variability present in the genetic material is of prime importance for a breeder to initiate any effective selection program (Anshumanet.al., 2002) . Traditional methods which combined agronomic and morphological characteristics have been useful in identifying and describing differences between members of the Saccharum complex (Skinneret.al., 1987) .
However, members of the Saccharum complex are predominantly out crossing and are maintained by vegetative propagation. As such, they are highly heterozygous and display enormous plasticity in the phenotypic expression of traits. Although morphological traits can be used to identify and classify clones, most of the traits are influenced by the environment under which the clones are grown or selected.
Molecular markers now make it possible to assess genetic diversity at the DNA level. Gene targeted molecular markers may be more promising and meaningful than random DNA markers in terms of characterizing genetic diversity. Whereas random DNA markers are derived from polymorphic sites genome wide, gene targeted markers are derived from polymorphisms within genes and thus reflect functional polymorphism (Andersen and Lubberstedt, 2003) .
The Target Region Amplification Polymorphism (TRAP) introduced by Hu and Vick (2003) have been designed that take advantage of the increasingly growing open online access to EST sequences obtained from diverse cDNA libraries. TRAP is a novel polymerase chain reaction (PCR)based marker system that takes advantage of the available EST database sequence information to generate polymorphic markers targeting candidate genes. Essentially it derives an 18-mer primer from the EST sequence and pairs it with an arbitrary primer that targets the intronic and/or exonic region (AT-or GC-rich core) (Li and Quiros, 2001) . Since TRAP is based on PCR technology using anchored and arbitrary primers to amplify coding regions in the genome, the resulting polymorphism should be reflective of diversity within functional genes.
Promising observations from the evaluation of aquaporins among stress resistance or sensitive plants, such as drought susceptible and drought tolerant wheat cultivars, (Morillon and Lassalles, 2002) , sugarcane genotypes (Creste et al., 2010) , other crop cultivars (Lian et al., 2004) , or stressed EST libraries (Houde et al., 2006) , clearly indicated that aquaporins would be important for water uptake, transport and identification or development of any stress tolerant genotypes of crop species. While, Calcium-dependent protein kinases (CDPKs) sense the calcium concentration changes in plant cells and play important roles in signaling pathways for disease resistance and various stress responses (Li et al., 2008) . In the present study, TRAP markers were used to assess the genetic variability among sugarcane genotypes based on CDPK and Aqua candidate genes involved in stress tolerance. In addition, the agronomic performance of the tested varieties was evaluated in two seasons.
MATERIALS AND METHODS
Plant materials: Ten sugarcane (Saccharum officinarum L.) varieties were kindly obtained from the research station of Sugar and Integrated Industries Company. These entries included the present commercial cultivars G.T.54C9 and previous one NCO310 while the other genotypes were elite varieties could be released instead of the commercial varieties (Table 1) . Isolation of Sugarcane DNA: The total DNA isolation from fresh sugarcane leaf roll was carried out according to Dellaporta modified protocol (Dellaporta et al., 1983) . Concentrations of extracted DNA were estimated by known concentration of Lambada DNA in 1% (W/V) agarose gel. PCR primers design: Target region amplification polymorphism (TRAP) is a simple 2-primers (fixed and arbitrary primers) polymerase chain reaction (PCR) technique. The forward (fixed) primer was designed from genes or EST sequences and the accompanied reverse (arbitrary) primer was designed to target either the exonic (GC rich) or intronic (AT rich) region of the genome Quiros, 2001 and Hu and Vick, 2003) . Two genes included that are Calcium-dependent protein kinases (CDPKs) and Aquaporin (Aqua) involved in stress tolerance in combination with three arbitrary primers according to Li and Quiros (2001) were used in this study as given in Table  ( 2). The primers were designed on the basis of the web-based PCR primer design software Primer 3 (http: // frodo. wi. mit. Edu / cgibin/primer3/primer3_www.cgi) using the following parameters: a primer optimal Tm, maximum Tm, and minimum Tm of 53, 55 and 50 o C, respectively, and a GC content between 40 and 60%. PCR Protocol: TRAP reactions were performed based on the protocol of Hu and Vick (2003) . Fixed primers were combined with each of three arbitrary primers for a total of 6 primer combinations. Each reaction was carried out in a total volume of 20/µL containing 2/µL of 10x PCR buffer, 0.5/µL of 100 mM MgCl 2 , 1.0/µL each of 10/pmol fixed and arbitrary primers, 1./µL of 10mM dNTPs (Promega, Madison, WI USA), 0.35/µL of 5U Taq polymerase (Promega, Madison, WI USA) and 1.0/µL of 50ng genomic DNA and in the final added 13.15/µL of nuclease free water to complete the total reaction . The conditions for PCR were as follows: an initial denaturing step was Electrophoresis: After PCR, the amplified products were run on 4 % agarose gel in 0.5X TBE buffer. Ethidium bromide was added before pouring the gel in the submarine electrophoresis unit, to give a final concentration of 0.5 μg/ml of Eth Br. One Kbp DNA ladder was used as a standard. The electrophoresis run was performed at 80 V in DNA electrophoresis unit (Biometra) for120 to 150 mins. Photograph was taken under UV light using gel documentation system. Data analysis: Data were scored as (1) presence of band and (0) absence of band from TRAP of amplification profile. The pairwise comparisons between the tested genotypes were used to calculate the coefficient of genetic similarity (GS) matrix according to Nei and Li (1979) using the software package MVSP (Multi-Variate Statistical Package). Cluster analysis was presented as the dendrogram based on similarity estimates using the unweighted pair-group method with arithmetic average (UPGMA). Field Experiment: The investigation was carried out during two successive seasons (March, 2011 /2012 , and March, 2012 /2013 . The experiments were laid out according to Randomized Complete Block Design (RCBD) having four replicates. The plot size was 54 m 2 , consisted of twelve rows, each of seven meters in length spaced at 70 cm apart. Ten plants were cultivated in each raw. The agronomic practices were carried out as recommended in the region. The crop was harvested manually at its physiological maturity at 11 months age for the three seasons. Data recorded: At harvest,stalk height (cm), stalk diameter (cm), stalk number/m 2 and cane yield were determined. Statistical analysis: The combined analysis of variance over the two seasons was carried out and the portioning of the mean squares in addition to heritability and genetic advance were calculated as described by Kang et al (1983) and Fehr (1987) .
RESULTS AND DISCUSSION

I-TRAP markers based on CDPK and Aqua candidate genes:
Genetic variability among 10 sugarcane varieties were studied using TRAP analysis based on the polymorphism in two candidate genes involved in stress tolerance namely; Aquaporin (Aqua) and Calcium-dependent protein kinase (CDPK). TRAP analysis of 6 primer combinations resulted from two fixed forward primers of Aqua and CDPK loci and three arbitrary reverse primers gave a total of 60 DNA bands, with an average of 10 bands per primer combination (Table 3 and Figs. 1&2). The number of amplified bands was 29 and 31 while the percentage of polymorphic bands was 55.17% and 54.84% in CDPK and Aqua loci with 55.00% overall polymorphism, respectively. The largest number of amplified fragments was observed with the Aqua + arbit.3 primer combination (14 bands), and the lowest (6 bands) with the Aqua + arbit.1. Meanwhile, CDPK+arbit.3 generated the highest percentage of polymorphic bands (84.62%) and CDPK+arbit.1 displayed the lowest polymorphism (22.22%). D 'Hont et al., (1996) and Ming et al., (2001) reported that the occurrence of a highly polymorphic band profile in sugarcane can be attributed to the fact that sugarcane is a highly selfincompatible, cross-pollinating, complex polyploid grass species with homologous and homologous chromosomes. CDPK arbit-1 9 9 7 7 8 9 9 9 7 9 9 2 22.22 arbit-2 6 6 6 6 6 6 6 5 6 5 7 3 42.86 arbit-3 5 6 10 7 9 9 11 12 8 9 13 11 84.62 Total 20 21 23 20 23 24 26 26 21 23 29 16 55.17
Aqua arbit-1 3 4 5 4 3 4 3 3 3 4 6 3 50.00 arbit-2 5 10 10 10 7 6 6 11 7 10 11 6 54.55 arbit-3 11 11 10 10 10 8 10 12 11 High variability in TRAP markers of CDPK and Aqua loci was found between the tested sugarcane varieties. Over the tested loci (Table 3) , the highest number of TRAP markers was amplified from EI 24-3 OR 2 (52 bands) followed by G95-19 (48 bands) . While, the least number of bands was obtained from G.98-28 (39 bands) followed by N.CO.310 and EH 16-9 (42 bands, each). The other genotypes G84 -47, G95-21, G.T.54C-9, G99-165 and PH8013 displayed 43, 44, 45, 46 and 46 DNA bands of CDPK and Aqua loci, respectively.
Using four primer combinations, Arro (2005) amplified a total of 378 CDPK band from 60 sugarcane genotypes and 336 of them were polymorphic. Alwala et al. (2006) amplified 108 CDPK bands from 30 sugarcane germplams by three primer combinations and found high percentages of polymorphism ranged from 82.75 to 100 %. Creste et al. (2010) amplified 60 Aqua bands from 60 sugarcane genotypes by three primer combinations. They found that the largest number of polymorphic fragments was obtained with the Aqua/Arb2 (24 fragments) primer combination. Khan et al. (2011) identified elite sugarcane clones by TRAP analysis and detected 3-4 bands in the profile of CDPK depending on the genotype. They detected specific DNA segment at 517 bp which can be used for the identification of sugarcane clones through TRAP marker. Recently, Fawaz (2014) detected high polymorphism in Aqua locus (37/55 bands, 67.27%) when 12 sugarcane varieties were analyzed by three TRAP primers.
TRAP markers are derived from candidate genes representing functional markers that may be directly involved with a phenotypic trait variation. In the present study, specific regions of the sugarcane genome related to stress tolerance (CDPK and Aqua loci), rather than the entire genome, were sampled to evaluate the genetic variability of the important sugarcane genotypes. The results in Table ( 4) revealed that the lowest similarity (Si= 0.729%) was obtained between the genotypes N.CO.310 and G95-21. These results illustrating that crosses between these two genotypes would probably result in the highest variability for stress tolerance. Becelaere et al. (2005) reported that crosses between unrelated genotypes will maximize the number of segregating alleles, resulting in a large genetic variance in the progeny, thereby increasing the opportunity for selecting rare genotypes that may be superior. It has been suggested that genetic diversity estimation for planning crossing purposes should be done based on candidate genes for specific traits (Alwala et al. 2006) . The results also revealed that the highest genetic similarity was observed between N.CO.310 and G.T.54C-9 (Si=0.930) followed by , and between EI 24-3 OR2 and G.T.54C-9 (Si=0.907).
Table (4): Genetic similarity values calculated from the TRAP markers amplified from ten sugarcane varieties by six primer combinations of CDPK and Aqua loci.
Genotypes 1 The grouping of sugarcane varieties based on the polymorphism found in CDPK and Aqua loci analyzed by TRAP are presented in Fig. (3) . The dendrogram tree showed that the 10 sugarcane varieties were clustered together in two main groups of clusters within a branched-off 0.820 genetic similarity (GS). The first group contained three genotypes that have NCO310 common parent, in which G.T.54C9 and NCO310 were clustered together firstly at 0.930 GS and then with G84-47 at 0.884 GS. The second group contains three sub-clusters. The first one contained EI 24-3 OR 2 and PH8013 at 0.868 GS and clustered with EH 16-9 within 0.866 GS. The second sub-cluster contains G 95-19 and G 95-21 which have the common parent and showed the highest GS (0.913). Both G.98-28 and G.99-165 were grouped in the 3 rd sub-cluster at 0.894 GS. The above results revealed that some varieties that have common parent were grouped together (varieties G.T.54C9, NCO310 and G84-47 as well as G.98-28 and G.99-165) based on the polymorphism in CDPK and Aqua loci. Similar results were also obtained by Arro (2005) and Fawaz (2014) . Fig.(3) :Dendrogram demonstrating the relationships among 10 sugarcane varieties based on data recorded from polymorphism of TRAP markers of CDPK and Aqua genes.
II-Genetic analysis and expected response to selection for some agronomic traits.
The information on the nature and the magnitude of variability present in the genetic material is of prime importance for the breeder to initiate any effective selection program (Tyagi and Singh, 1998) . In the present investigation, 10 varieties of sugarcane were studied in two seasons to assess their genetic potential for stalk traits (height, diameter and number) and cane yield (Table 5) . Average over seasons, the tallest stalks were found in G.T 54-9 (272.9 cm) and G. displayed the shortest stalks (Table 5 ). The genotype G95-19 followed by G.T 54-9 revealed the highest values of stalk diameter (3.10, 2.95 cm, respectively). While, NCO310 revealed the lowest stalk diameter (2.55 cm). The highest number of stalks was produced by G.84-47 (13.35 stalks) followed by G.T 54-9 (13.20 stalks), while G99-165 produced the lowest number (8.35 stalks). The four genotypes G.T 54-9, G95-21, G95-19 and G.98-28 displayed the highest cane yield ranged from 53.5 to 50 ton/fed. While, EH 16-9 and G99-165 revealed the lowest yield (32.4 and 39.5 tons, respectively) . The other varieties NCO310, 45.8, 47 .5 and 49.1 tons/fed., respectively. Similar results were also obtained by Chaudhary, 2001 and Ahmed and Obeid, 2012 . Highly significant differences between the tested varieties were found in all studied traits. Significant differences due to the tested seasons were observed for stalk height, stalk number and cane yield ( Table 6 ). The interaction "genotypes X seasons" was highly significant in stalk height and not significant in other traits. These results implied that there was reasonably sufficient variability in the material used in the present study, which provides ample scope for selecting superior and desired genotypes by the plant breeders for further improvement. These results are in agreement with those obtained earlier by Chaudhary, 2001 and Okaz et al., 2011. Heritability and genetic advance are very essential to improve any trait of sugarcane because this would help in knowing whether or not the desired objective can be achieved from the material (Tyagi and Singh, 1998) . The tested traits showed high heritability values ranged from 83.52% in Stalk diameter to 95.61% in Stalks height (Table 7) . Maximum genetic advance (assuming 20% intensity of selection) along with high heritability was observed for stalk height (GA=48.09%. H 2 =95.61%), reflecting the preponderance of additive gene action in determining such character (Table  7) . This also provides the evidence that larger proportion of phenotypic variance has been attributed to genotypic variance, and reliable selection could be made for this trait on the basis of phenotypic expression. Khan et al. (2007) and Chaudhary (2001) reported great magnitudes of broad sense heritability and high genetic advance in cane yield. The other traits displayed high amount of heritability associated with low genetic advance indicating that non-additive gene action governing these traits, and these characters could be improved through the use of hybridization and hybrid vigor (Table 7) . Meanwhile, the most critical point is that high heritability causes for these traits might be due to prevailing of favorable environmental conditions during the seasons rather than genetic cause (Phundan and Naryanan, 1993 and Ahmed and Obeid, 2012) .
